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FASTER  PROCESSING  OF  COLOR  POSITIVE  FILM 
S,  Ye.  Tikhonovich,  L.  S,  Sevast* yanova 

In  recent  years  the  Soviet  movie  industry  has  created  a number 
of  different  types  of  color  positive  film  for  cinematography  (TsP-3; 
TsP-7;  TsP-8;  TsP-8r). 

However,  despite  the  significant  difference  in  the  thickness  of 
emulsion  layers,  the  arrangement  of  them,  their  granularity,  and 
physicomechanical  and  other  properties,  the  same  regimes  are  still 
recommended  for  development  of  these  films. 


One  tight  assume  that  for  TsP-8t,  uhich  has  relatively  thin 
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eaulslon  layers,  a low  degree  of  hardening  and  fine  granularity,  it 
would  be  possible  to  reduce  the  period  of  the  individual  processing 

stages.  Posed  in  the  first  stage  was  the  problem  of  speeding  up  the 
process  by  20o/o. 

In  further  defining  the  processing  regimes  particular  attention 
was  given  to  rinsing  quality,  which  influences  the  permanence  of  the 
dye  materials  and  the  stability  of  the  obtained  prints. 


Development 


According  to  MBTU  6-17-208-66  film  TsP-8r  should  be  developed 
for  8-10  minutes  at  pH  = 10.4-10.7  and  a temperature  of  20  + 0.3®. 


The  development  process  can  be  speeded  up  by  increasing  the 
temperature  and  pH  of  the  developer. 


It  was  not  possible  to  speed  up  the  process  by  significantly 
increasing  the  temperature  of  the  processing  solutions  because  of  the 
low  degree  of  hardening  of  the  emulsion  layers  cf  TsP-8r.  Laboratory 
eiperiments  showed  that  increasing  the  temperature  of  the  developer 
by  2®  for  most  tested  reels  resulted  in  a 0. 2-0.4  increase  in  color 
densities.  In  individual  cas.j  an  increase  in  fog  density  was 


sonetiaes  observed. 

On  the  print  fabric  the  pH  of  the  developer  usually  remained  in 
the  range  of  10.4-10.5,  in  some  cases  - even  10.3-10.4,  which 
corresponds  to  the  equilibrium  concentration  of  the  hydrogen  ion 
which  is  established  in  the  tanks  of  the  developing  machine,  provided 
there  is  no  caustic  alkali  in  the  additive. 

Laboratory  and  industrial  experience  has  shown  that  oscillations 
in  the  pH  between  10.4  and  10-8  cause  changes  of  0. 3-0.5  (when  D = 

2. 0-2.5)  in  the  color  densities  of  each  layer,  which  practically 
coincide  with  the  2 minute  change  in  the  development  period. 

Prints  obtained  under  the  usual  conditions  and  developed  for  10 
min  at  pH  = 10.4-10.5  and  8 min  at  pH  = 10.7-10.8  proved  to  be 
visually  identical  when  viewed  on  parallel  screens. 

Measurements  of  sensitograms  which  were  processed  simultaneously 
with  the  prints  showed  that  the  sensitometr ic  parameters  were 
ident ical. 


Table  1 shows  the  results  of  measuring  three  sensitograms 
developed  at  pH  = 10.4-10.45  for  10  min  (I)  and  at  pH  = 10.7-10.8  for 
8 min  (II)  . 


DOC  » 0522 


U 


Experience  has  shown  that  because  of  the  high  buffering  power  of 
the  color  developer  its  pH  can  be  easily  naintained  accurate  to 

- 

within  £0.05.  In  order  to  attain  the  necessary  pH  value  of  the 
developer  it  is  necessary  to  introduce  caustic  soda  on  the  order  of 
2. 5-3.0  g/1  into  the  additive. 

Fixation 

We  know  that  fixation  tiie  must  be  at  least  twice  the  time  of 
clearing.  For  this  reason  the  time  of  clearing  was  determined  for  the 
first  and  second  fixation. 

i 

* 

Under  laboratory  conditions  the  clearing  period  of  film  TsP-8r 
was  determined  (10  reels  of  different  batches)  in  industrial  fixing 
agents^  taken  from  the  tanks  of  developing  machines  whose  composition 
conforms  to  MRTU  6-17-208-66. 

< 

After  development,  clearing  begins  within  2 min  10  s- 2 min  20  s. 

] 

Clearing  in  the  second  fixation  begins  within  several  (10-15) 

seconds,  since  after  bleaching  the  amount  cf  silver  salts  remaining  | 

in  the  color  image  is  relatively  lew. 
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Therefore,  an  adequate  period  for  the  first  fixation  can  be 
considered  4 oin  30  s-5  min  (as  opposed  to  the  6-8  nin  recommended  by 
HRTO) . 


For  the  second  fixation  1 min  is  quite  adequate  (according  to 
HRTO  the  length  of  the  second  fixation  should  be  4 min)  . 


Bleaching 

To  determine  the  length  of  the  bleaching  process  under 
laboratory  conditions  the  kinetics  of  bleaching  in  a solution  taken 
from  the  tanks  of  the  developing  machine,  corresponding  to  the 
specifications  of  the  HRTO,  were  determined. 

Bleaching  completeness  was  determined  by  the  magnitude  of 
residual  silver  density  (Da,)  for  a density  in  the  coloring  material  of 
Ob.  close  to  three. 


i 


i 

Quantity  o*,  was  measured  on  densitometer  DEFA  behind  an  infrared  j 


light  filter. 
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The  density  of  the  coloring  aaterial  in  film  TsP-8r  was 
determined  behind  a blue  light  filter,  since  earlier  it  had  been 
established  (by  microscopic  sections  and  prints  behind  three  light 
filters)  that  in  TsP-8r  it  was  most  difficult  for  the  silver  to 
bleach  in  the  upper  sensitive  layer. 


The  results  of  the  bleaching  kinetics  for  TsP-8r  (reels  33995) 
are  shown  in  Table  2. 


From  the  table  it  is  apparent  that  when  the  density  of  the 
yellow  coloring  material  is  2.95  (5th  field  of  the  sensitogram)  2 
minutes  is  sufficient  for  complete  bleaching  of  the  silver  in  the 
image. 


The  low  measured  optical  density  is  apparently  explained  by  the 
presence  of  silver  sulfide,  which  is  formed  during  the  fixation 
process  [1]  and  by  a certain  nontransmissicn  of  color  agents  in  the 
Infrared  region. 


Verification  of  different  TsP-8r  film  batches  (10  reels)  showed 
that  bleaching  completeness  is  attained  with  processing  of  1 min  30 
s-2  min. 


Here  the  optical  density  of  the  residual  silver  Da,  did  not 
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exceed  0.07-0.12  (according  to  RTb  19-3-70  Dig=o,l2  is  periaitted)  and 
was  the  same  as  the  density  obtained  during  bleaching  for  4 and  5 min 
(according  to  HRTO  the  bleaching  period  is  4 min)  . 


Pinsing 

To  a great  extent  the  rinsing  process  determines  the  quality  of 
the  image  and  the  sound  track,  since  on  it  depends  the  fog,  the 
permanence  of  the  coloring  agent  in  the  positive,  and  the  stability 
of  the  processing  solutions.  Rinsing  speed  is  influenced  by  a number 
of  factors,  the  most  important  of  which  include:  diffusion 
resistance,  which  is  overcome  by  the  particles  of  the  rinse 
substances;  the  reaction  between  these  particles  and  the  gelatine, 
temperature  and  pH  of  rinsing  water,  concentration  of  salts  in  water, 
hydrodynamic  rinsing  regime,  etc.  [2,  3,  4,  5].  However,  the  rules 
usually  specify  only  duration  and  water  temperature  in  rinsing.  With 
respect  to  other  monitoring  methods  there  ace  recommendations  only 
for  the  residual  thiosulfate  in  the  process  film,  which  describes  the 
quality  of  the  last  rinse. 

In  order  to  establish  the  possibility  of  reducing  the  duration 
of  the  other  rinses  it  was  necessary  to  develop  methods  for 
monitoring  these  stages. 


Inadequate  rinsing  quality  after  development  usually  causes 
increased  density  in  the  coloring  agent  and  fog.  This  is  explained  by 
the  fact  that  the  rinse-water  tank  can  accumulate  the  substances 
contained  in  the  developer,  and  the  solution  thus  formed  may  begin  to 

perform  a predevelopment  function.  The  difference  in  the  rate  of 
diffusion  of  bromides  and  para-aminodiethy laniline  (TsPV-1)  affects 
the  raising  of  the  fog  as  a result  of  so  called  "bromide-free 
development. " 

The  increase  in  the  fog  is  also  influenced  by  an  increase  in  the 
concentration  of  TsPV-1  in  the  first  fixation,  which  results  from 
poor  rinsing. 

A three-month  industrial  test  showed  that  in  the  rinse  tank 
after  development  the  pH  of  the  water  changed  from  7.3  to  10.7,  the 
concentration  of  TsPV- 1 - from  0 to  0.1  g/1  and  the  concen trat ion  of 
sodium  carbonate  - from  0 to  2.6  g/1. 

In  analyzing  the  obtained  information  it  becomes  clear  that  the 
most  probable  is  a change  in  the  pH  from  9.3  to  10.3  (80o/o  of 
cases),  in  the  concentration  of  TsPV-1  - from  0 to  0.02  g/1  (72o/o  of 
cases),  and  in  the  concentration  of  potassium  carbonate  - from  0.5  to 


i 
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1-0  g/1  (7  6o/o  of  cases). 

Laboratory  experiaents  shoved  that  the  change  in  the  value  of 
coloring  agent  density  is  in  direct  relation  to  the  pH  of  the  water 
in  the  first  rinse  tanlc-  Table  3 shows  results  obtained  in  processing 
one  TsP-8r  spool.  For  different  spools  and  batches  of  TsP-8r  the 
value  varies  approximately  from  0.2  to  0-6- 

The  change  in  the  concentration  of  TsPV-1  from  0 to  0.1  has  no 
effect  on  the  sens itometric  indicators  of  the  film  (Table  4).  The 
latter  is  probably  explained  by  the  fact  that  when  it  emerges  from 
the  developer  the  film  has  a sufficiently  high  quantity  of  TsPV-1, 
which  is  diffused  from  the  layer  in  water  at  a rate  considerably 
slower  than  that  of  potassium  carbonate  and  bconides. 

Based  on  the  above  we  can  assume  that  to  estimate  the  quality  of 
the  first  rinsing  it  is  best  to  determine  the  pH  of  the  water  in  the 
rinse  tank,  the  concentration  of  potassium  carbcnate,  and  the 
intensity  of  the  flow.  In  the  first  fixing  agent  the  concentration  of 
TsPV-1  should  be  monitored. 

In  the  case  of  poor  rinsing  thiosulfate  and  the  developing 
substance  can  accumulate  in  the  bleaching  solution  after  the  first 
fixation. 
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The  presence  in  the  bleaching  bath  of  even  a saall  quantity  of 
thiosulfate  results  in  a noticeable  decrease  in  silver  density  values 
in  the  sound  track.  Practice  and  laboratory  experiaents  have  shown 
that  when  the  bleaching  solution  contains  0.5  g/1  thiosulfate  the 
value  of  Dai  in  the  colot-silver  sound  track  decreases  by  0.15-0.2; 

r 

: when  5 g/1  thiosulfate  is  present  the  metallic  silver  is  dissolved 

: coapletely.  In  analyzing  bleaching  solutions  on  various  print  fabrics 

I thiosulfate  (up  to  1.6  g/1)  was  detected  in  individual  cases. 

f Moreover,  poor  rinsing  can  be  the  reason  for  increased  fog  (so 

called  "bleaching  fog"). 

i 

Bxperinents  have  shown  that  an  inadequate  second  rinsing  can 
cause  the  following  increase  in  Dq: 

AD»  = 0,02  — 0,03;  ADn  = 0.05  — 0,07; 

ADp  = 0,06  — 0,12. 

The  presence  in  the  bleaching  solution  of  even  traces  of  TsPV-1 
causes  a noticeable  increase  in  the  fog. 

I 

[ Laboratory  experiaents  shoved  that  when  the  pH  of  the  bleaching 

J solution  is  below  6.5-7. 0 the  developing  agent  nay  reaain  in  it  for 

i 

[ several  days.  According  to  HRTO  the  pH  of  the  solution  aust  be 
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■aintained  between  5.6  and  7.0. 

However,  in  further  defining  the  length  and  intensity  of  the 
second  rinsing,  it  is  sufficient  to  deteraine  the  concentration  of 
thiosulfate  in  the  last  rinse  tank.  The  concentration  of  TsPV-1  need 
not  be  determined,  since  it  depends  on  the  amount  of  fixing  agent 
which  has  accumulated.  Even  traces  of  thiosulfate  in  the  water  means 
that  the  quality  of  the  rinse  is  poor. 

After  bleaching  the  rinse  water  was  checked  for  the 
concentration  of  potassium  ferricyanide  in  it. 

After  the  final  rinse  the  presence  of  residual  thiosulfate  in 
the  processed  film  was  determined. 

• 

As  a result  of  long-term  industrial  checking  it  has  been 
established  that  the  length  of  the  rinses  can  be  significantly 
reduced  without  impairing  the  quality  of  the  image. 

Mew  Processing  Regime 

Based  on  this  study  a new  processing  regime  was  created  which 


speeded  up  the  process  by  20o/o  (Table  5) . 
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Since  PTs-7  is  developed  together  with  TsF-8r  on  the  same 
machine*  the  new  specification  was  carefully  tested  for  processing 
color  positive  film  0RV0«  The  changes  in  the  processing  conditions 
provided  in  the  new  regime  were  not  reflected  in  the  sensitometric 
indicators  of  the  developed  PTs-7  or  visual  perception  of  the  color 
image  obtained  on  this  film. 

Table  6 shows  the  sensitometric  characteristics  of  film  PTs-7 
ORVO,  processed  in  the  old  (I)  and  new  (II)  regimes  on  developer 
TOP- 30. 

The  development  period  in  the  first  case  is  10  min  at  pH  = 
10.4-10.5,  in  the  second  - 8 min  at  pH  = 10.7-10.8. 

In  addition  to  a visual  and  sensitometric  estimate  of  image 
quality,  the  permanence  of  the  coloring  agents  in  the  positive  was 
tested.  For  this  purpose  specimens  of  film  PTs-7  ORVO  and  TsP-8r  (5 
reels  each),  processed  in  developer  10P-30  according  to  HRTU 
6-17-208-66  and  the  new  regime  (see  Table  5),  were  placed  for  one 
year  in  metal  containers  and  stored  at  room  temperature  and  were  also 
subjected  to  thermostatic  control  for  a certain  period  of  time  at  a 
temperature  of  80®  and  a humidity  of  75o/o  [6]. 
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The  preset vabilit y of  the  color  iaage  was  evaluated  by  the 
difference  in  optical  densities  of  the  coloring  agents  of  each  layer 
neasured  before  and  after  storage  (AO»Br). 

The  experiments  revealed  an  identical  change  in  the  optical 
densities  for  both  processing  regimes.  After  being  stored  for  one 
year  the  color  densities  of  film  PTs-7  have  not  changed.  In  film 
TsP-8r  only  the  density  of  the  light  blue  coloring  agent  declined  (by 
0.1-0. 2).  Thermostatic  control  of  both  films  for  65  h at  a 
temperature  of  80®  and  75o/o  humidity  caused  a decrease  in  color 
densities  in  all  layers. 

In  film  TsP-8r;  AD*=0,I5— 0,2;  ADn=0,2— 0,3; 

ADr  = 0,3. 

In  film  PTS-7  ORVO:  AD*  = 0, 15  — 0,2; 

ADn  = 0.1— 0,2;  AD,  = 0,2  — 0,3. 


The  new  specification  has  already  been  used  for  two  years  in 
shop  Ho.  2 of  the  (lain  Works  of  the  Subdivision  "Kopirfil'm" 
(formerly  the  Moscow  novie  Print  Factory)  . 


The  faster  pace  of  the  developing  machines  has  made  it  possible 
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for  the  shop  to  motre  to  a two-shift  operation  and  soaewht  reduce 
expenditures  by  stabilizing  the  process  while  preserving  the  quality 
of  fil*  prints. 


Subdivision  "Kopir  f il * in" 
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Table  1.  Key; 


Table  2.  Key; 
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(1)  No.  of  sensitogcaa. 

(1)  No.  of  field,  (2)  Bleaching  period,  min. 
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Table  4. 

q/1. 


Key;  (1)  layer,  (2)  density. 

Key;  (1)  Concentration,  (2)  TsPV-1,  0 g/1,  (3)  TsPV-1,  0.04 
TsPV-1,  0.09  g/1,  (5)  layer,  (6)  density. 
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Table  5.  Key:  (1)  Technological  operation,  (2)  Processing  regimes 

corresponding  to  MRTU6- 17-2C8-66,  (3)  New  reconiended  processing 
regiae,  (4)  New  processing  regioe  on  developer  KKF,  (5)  Developnent 
(6)  min,  (7)  s,  (8)  rinsing,  (9)  No  mote  than,  (10)  Fixation,  (11) 
Rinsing,  (12)  Bleaching,  (13)  Rinsing,  (14)  Development  of  sound 
track,  (15)  Per  HTM-KINO  122-66,  (16)  Rinsing,  (17)  Not  indicated, 
(18)  Fixation,  (19)  Rinsing,  (20)  Final  results. 
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